Introduction

B
iofouling has been a major problem in several marine industries including the shipping industry. Hull fouling adversely affects hydrodynamic drag leading to elevated fuel consumption and higher maintenance costs although the impact of biofilms is significantly less than that of macrofouling (Yebra et al. 2004; Schultz 2007; Schultz et al. 2011) . In marine environments, formation of biofilms (ie microfouling) depends on the types of fouling microorganisms, environmental factors such as current, temperature, salinity, nutrient levels and hydrodynamic conditions (Wieczorek and Todd 1998 ; Lau et al. 2005; Zhang et al. 2011 ) and properties of substratum (Whitehead and Verran 2008). Mi-
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crobial fouling communities consist mainly of numerous species of bacteria and diatoms that can positively and/ or negatively interact with each other (Railkin 2003; Dobretsov 2010) . Both bacteria and diatoms may also have a significant impact on the recruitment of invertebrate larvae and algal spores (macrofouling) by either enhancing or inhibiting their settlement (Mitchell and Maki 1988; Maki 2002; Huang and Hadfield 2003; Qian et al. 2007; Hadfield 2011 ). This significantly influences the extent to which biofouling occurs in the marine environment. However bacteria have generally been accepted to be the primary colonizers on man-made surfaces in the marine environment (Molino et al. 2009b ). Therefore it is important to study the efficiency of antifouling coatings in preventing bacterial fouling during the primary stages of biofouling in the marine environment. The objective of the current study was to estimate the abundance of bacteria within biofilms developed on various commercial antifouling coatings at two different locations in Oman. The hypothesis tested was that treatments (nine commercial antifouling coatings) and location influence the abundance of bacteria within biofilms developed on commercial antifouling coatings. 
Materials and methods
Coatings preparation
Coatings Deployment
A total of 180 slides were randomly inserted into 6 slide cassettes (each 21 x 16 x 3 cm) such that each slide cassette contained 3 replicates of each treatment and 30 equally spaced slides in total. Each slide cassette was deployed by ropes such that each slide in the slide cassette was kept vertical with respect to the surface of seawater. Three slide cassettes were deployed each at Marina Shangri La (Muscat, Oman 23º 32' 55" N 58º 39' 23" E) and Marina Bandar Rowdha (Muscat, Oman 23º 34' 55" N 58º 36' 27" E).
Sample collection
Each of the three slide cassettes at Marina Bandar Rowdha and Marina Shangri La were withdrawn after 2 days, 7 days and 14 days of biofouling respectively. During sample collection, all slides from the slide cassette were carefully transferred into clean plastic boxes containing formalin (3.7% final concentration) and immediately transferred to the laboratory at 4ºC for further analysis (see below).
Estimating abundance of bacteria
The total bacterial density on the treatment surfaces was estimated by staining an area of 2 x 2 cm with 10-12 µl of 4, 6-diamidino-2-phenylindole (DAPI, Sigma, Germany) solution for 15 minutes according to Dobretsov and Thomason (2011) . The number of bacteria in 10 randomly selected fields of view on the ocular grid (0.001 mm 2 ) was counted using an epifluorescence microscope (Axiostar plus, Zeiss, Germany; magnification 1000x; λ Ex =359nm, λ Em =441nm).
Statistical analysis
Factorial ANOVA was used to test the effect of treatment and location on the total bacterial density using Statistica 11 (Statsoft, USA) after 2, 7 and 14 days of biofouling. Post hoc HSD test was used to test for significant differences among the treatments and locations. In all cases, the threshold for significance was 0.05.
Results
The treatments (antifouling coatings and control) significantly influenced the bacterial density in biofilms developed after 2, 7 and 14 days of biofouling ( Figure  1A and Figure 1B ; ANOVA, HSD, P < 0.0001). Although Microfouling on biocidal and non-biocidal antifouling coatings both locations were found to significantly affect bacterial density after 2 and 14 days (ANOVA, HSD, P < 0.0001) there was no significant difference between both locations after 7 days of biofouling (ANOVA, HSD, P = 0.237). However both treatments and locations together significantly affected the bacterial density in biofilms after 2, 7 and 14 days of biofouling (ANOVA, HSD, P < 0.01). At Shangri La, the lowest bacterial density was found on International YBA920, Pettit #1792 and Hempasil X3 after 2 days, 7 days and 14 days respectively in comparison to the control treatments ( Figure  1A ). However at Bandar Rowdha, International YBA920 showed the lowest bacterial density after 2 days while West Marine #10175206 showed the lowest bacterial density after both 7 days and 14 days of biofouling in comparison to the control treatment ( Figure 1B) . The differential performance of tested antifouling coatings may be attributed to several factors including varying environmental conditions and differences in the abundance of fouling bacterial communities. The variation in the concentrations of biocides in these coatings may be additional factor in influencing bacterial attachment on coatings. In particular the polishing rate behavior and biocide delivery rate behavior is known to vary for different coating types (Finnie & Williams 2010 , Bressy et al. 2010 . Clearly further investigations are required to study the abundance and composition of bacterial fouling communities on antifouling coatings.
Conclusions
The current study shows that the abundance of bacteria in biofilms developed on commercial antifouling coatings is significantly influenced by the coating types and both coatings and location together after 2, 7 and 14 days of biofouling. Varying environments were not found to affect the bacterial density after 7 days of biofouling although there were significant differences after 2 and 14 days of biofouling. 
